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Anopheles gambiae
Manual Gene Annotation

The primary vector of  malaria 
in Sub-Saharan Africa, the 

mosquito A. gambiae is a major 
contributor to the more than 

half-a-billion cases of malaria 
each year

•278 Mb genome sequenced in 2002
•14,707 Ensembl automated gene

predictions
•140,000 ESTs

Goal: Significantly improve 
the quality of gene 
annotations to reveal 
strategies for targeting 
mosquito:parasite:human
interactions 



Using Drosophila melanogaster as a paradigm, manual
annotation of the Anopheles genome is expected to 
greatly improve the quality of annotations due to
limitations of gene prediction algorithms.

• Alternative transcripts
• Overlapping genes
• Tandem homologous genes
• Dicistronic genes
• Nested genes
• Small ORFs
• Genes with repetitive sequence

Strategy: Improve Annotations that represent computational
challenges for automated gene builds 



• Genes involved in immune response, host          
preference, and insecticide resistance

• Multi-gene family members

• Tandem related genes

• 2 alternative assemblies of the same region  due to 
divergent haplotypes in the PEST strain sequenced

A first pass manual annotation will target 
regions and gene families of interest to 
the scientific community

Prioritizing Regions to be Annotated



Apollo Genome annotation tool
Apollo Genome Annotation Tool

• Apollo is the graphical interface that will be used for editing 
annotations on the Anopheles genomic sequence

• Apollo was used by FlyBase to manually annotate the entire 
117Mb Drosophila melanogaster Euchromatin
(10 curators/7 months)

• Annotation editor for GMOD (Generic Model Organism 
Database)

• Developed by FlyBase-BDGP and Ensembl



Data Types used for Manual Annotation

• Ensembl - Automated gene build based on synthesis of known proteins and cDNA/EST sequences

• SNAP- Gene finder trained on Anopheles 

• TGE_gw - Anopheles/Drosophila protein aligned to the genome

• Genewise - Uniprot protein sequences aligned to the genome

• Genomewise - Ensembl EST transcript predictions 

• SWALL - BLASTX similarity of SWISS-PROT/TrEMBL dataset

• Drosophila-Peptides - blast hit by Drosophila proteins.

• RNA_BEST - Anopheles EST/mRNA 

• Protein features - Pfam domains, Prints family fingerprints, transmembrane regions, 
signal peptides

• RepeatMasker, TRF, SEG- identifies repeats/low complexity features



VectorBase curators will utilize the APOLLO graphic 
interface to view and synthesize data from multiple regions of 
the Anopheles genome



A curator is able to synthesize complex data sets 
resulting in significantly improved gene annotations

Initial analysis: Eight 200-250 Kb regions



A Major Challenge for Automated Gene Annotation: 
Predicting Tandem Related Genes



Low Complexity sequences may require 
manual annotation



Finding novel genes requires manual 
annotation



Nested genes pose a challenge for gene 
prediction algorithms



Putative Anopheles specific gene identified by pattern recognition
and visual search for ORFs

CGtemp42 and CGtemp24 are
both homologues of ENSANG_21866



Manual annotation of Anopheles leads to annotation of new
Drosophila genes

New Dmel gene
New Dpse gene
New Agam
gene

CLUSTAL W alignment 
with DPM3 proteins



Results of manual annotation

Initial Analysis of 1.9 Mb and 161 Ensembl annotations

• 49  Annotations required either additional coding exons, 5’ or 3’ sequence
based on blast or EST or alternative  transcripts

• 28  New genes annotated based on Gene prediction, ESTs and BLASTX

• 7   Gene merges - 14 Ensembl annotations merge into 7

• 10  Gene splits - 10 Ensembl annotations split into  22 new annotations

• 7   Ensembl annotations designated for deletion 

• 25  Ensembl annotations required only minor adjustment to  5’ and/or 3’ sequence

• 56   Ensembl annotations required no change.

Results of Anopheles gambiae
Manual Annotation

2L  15450000 - 15650000
2L  17750000 - 18000000
2L  30990000 - 31240000 
2R  14450000 - 14650000
2R  32210000 - 32460000 
2R  59310000 - 59510000 
3L  10900000 - 11120000 
3L  11650000 - 11900000

 



Results of manual annotation

Initial Analysis of 1.9 Mb and 161 Ensembl annotations

• 50% of the genes predicted by the  Ensembl Automatic Gene Building 
System required little or no change 

• 30% of the genes required moderate changes to the gene structure

• 15% of automatic gene annotations were either split or merged (primarily based on BLAST 
evidence) 

• The 28 new genes annotated comprised tandem related genes, nested genes, genes with low 
complexity sequence.
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• While manual annotation provides the highest quality gene 
annotations, it is both labor intensive and expensive.

• The data illustrate the challenges for automated gene builds. 
Annotators will work together with Ensembl to rigorously analyze 
discrepancies between automated and manual Anopheles gene 
structures in an effort to improve gene prediction algorithms. 

• These efforts will inform future automated annotation pipelines of 
not only Anopheles but also Aedes.

• Not unexpectedly, the initial pilot manual annotation Anopheles has 
led to corrections of several Drosophila melanogaster gene 
structures.

 

Limitations, challenges and the 
future of manual gene annotation
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